Abstract. Gaia will obtain multi-color photometry for astrometric and astrophysical purposes. A photometry in five broad bands and with high angular resolution will be obtained after every astrometric observation of a star, especially for the sake of correcting slight astrometric chromaticity errors of the optical system. A separate smaller telescope will obtain photometry in eleven passbands of medium width designed to serve the astrophysical analysis of the mission results. The mediumband photometry (MBP) has less angular resolution, but much longer effective integration time than the broad-band photometry (BBP).
THE GAIA MISSION
The Gaia mission (ESA 2003 , Munari 2003 has been under study by ESA over the last six years. The mission was approved as a cornerstone mission of the scientific program in 2000 with a launch not later than 2012, which was confirmed in November 2003, and the ongoing industrial design is consistent with a launch in 2010.
Gaia will rely on the proven principles of ESA's Hipparcos mission (ESA 1997) to solve one of the most difficult yet deeply fundamental challenges in modern astronomy: to create an extraordinarily precise three-dimensional map of about one billion stars throughout our Galaxy and beyond. Through comprehensive photometric classification, it will provide the detailed physical properties of each star observed: characterizing their luminosity, temperature, gravity and elemental composition. This massive stellar census will provide the basic observational data to tackle an enormous range of important problems related to the origin, structure and evolutionary history of the Galaxy.
Gaia will achieve this by repeatedly measuring the positions of all objects down to a magnitude of V = 20. On-board detection will ensure that variable stars, supernovae, burst-sources, microlensed events and minor planets will all be detected and catalogued to this faint limit. Final accuracies of 10 microarcsec at 15 mag will provide distances accurate to 10 per cent as far as the Galactic center, 30 000 light years away. Stellar motions will be measured even in the Andromeda galaxy.
Gaia's expected scientific harvest is of almost inconceivable extent and implication. Its main goal is to clarify the origin and history of our Galaxy, by providing tests of the various formation theories and of star formation and evolution. This is possible since lowmass stars live for much longer than the present age of the Universe, and therefore retain in their atmospheres a fossil record of their detailed origin. The Gaia results will precisely identify relics of tidally-disrupted accretion debris, detect and categorize rapid evolutionary stellar phases, place unprecedented constraints on the age, internal structure and evolution of all stellar types, establish a rigorous distance scale framework throughout the Galaxy and beyond, and classify star formation and kinematical and dynamical behavior within the Local Group of galaxies.
Gaia will be a continuously scanning spacecraft, with a spin period of 6 hours. The spacecraft will be placed in an orbit around L2 from where about 1 Mbit of data per second is returned to the ground station during the 5-year mission.
GAIA PHOTOMETRY
Gaia will accurately measure one-dimensional coordinates along great circles in a field of view covered with a dense mosaic of 180 large CCDs. Two telescopes (Astro-1 and Astro-2) each with an aperture of 140 × 50 cm and with fields separated by a very stable angle of 106 degrees will form a combined image on the CCDs where detection of the star, astrometry and broad-band photometry (BBP) is carried out. A smaller telescope (Spectro) of aperture of 50×50 cm scanning the same great circle will give medium-band photometry (MBP) for all stars, and radial velocities for stars brighter than 17 mag.
The broad-band photometry is obtained in the Astro focal plane by means of five CCDs, each behind a color filter. They are placed after 11 astrometric CCDs thus providing 5-color photometry simulta-neously with the astrometry. The photometry is required for the calibration of chromatic errors in the astrometric measurements which depend on the spectral energy distribution of the source. Chromatic errors are caused by small optical errors which are present even though the mirrors are figured to the utmost accuracy. Since the energy distribution varies for variable stars it is essential that the photometry is simultaneous with the astrometry.
Broad-band photometry is also important for the astrophysical characterization of the detected sources since the angular resolution is very high, about 0.05-0.1 arcsec, higher than can be obtained from the ground or by medium-band photometry.
Medium-band photometry obtained in the Spectro telescope will contain about 11 bands. The angular resolution is 0.5-1 arcsec which means that the highest star densities encountered by Gaia cannot be resolved in the Spectro telescope. The broad-and medium-band photometry thus supplement each other, also because the effective light collecting power is five times higher in the medium bands due to much longer integration times.
The expected photometric precision is about 10 mmag at V =18 mag for a broad or medium band at about 550 nm for all spectral types. Strictly speaking, the magnitude limit of the Gaia mission is G=20 as measured on a CCD without color filter, and not V =20. Therefore Gaia can reach V =23-24 mag for the red or reddened stars.
The optimal location of the filter passbands is being studied by members of the Gaia Photometry Working Group (Vansevičius et al. 2002 , Bienayme & Turon 2002 , Munari 2003 and PWG 2003 . The choice of passbands in BBP must take into account that the reflectivity of the silver coating on the six mirrors in the Astro telescopes is very low in the UV. The combination of silver coating and the particular CCD was chosen to optimize the astrometric performance. This means that the blue and red edges of the extreme broad-band filters should be placed at about 400 and 1000 nm, respectively, which means that the classical U-band cannot be included. Recent information (September 2003) on the quantum efficiency of the CCDs in Astro makes such constraint necessary because the passbands should not make too much use of the tails of the QE. These may differ between the CCDs and may change by aging during the five-year mission, giving an unstable photometric system if they were included.
The medium-band system is not restricted in this way because aluminum coating of the three Spectro telescope mirrors has been selected. The blue and red edges of the extreme medium-band filters should be placed at about 280 and 960 nm, respectively. This means that the medium-band photometric systems described in Munari (2003) or Vansevičius et al. (2002) could be accommodated.
The design of photometric systems for Gaia is constrained by the instrumental capabilities and the complex set of astrophysical purposes. It has been shown that the physical properties of each star can be measured: luminosity, temperature, gravity and elemental composition in terms of [Fe/H] . An effort is being made by Vansevičius et al. (2003 priv. comm.) to include a determination of alpha-elements. The determination of interstellar extinction can be greatly aided by the available near-infrared JHK photometry in the 2MASS catalogue, as shown by Knude & Fabricius (2003) .
Other issues of Gaia photometry have been discussed by Høg (2002) such as: sampling in the focal planes; calibration of the sensitivity by means of the diffraction spikes; photometric data analysis in terms of PSF and aperture photometry.
